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[57] ABSTRACT

A process for the production of castings by directional
or monocrystalline solidification is carried out in a vac-
uum casting plant which, apart from a conventional
cooling plate, has no additional heating devices for the
casting mold. The unidirectional heat flow required to
guide the solidification front is produced on the one
hand, by heat sources formed partially from super-
heated melt and, on the other hand, by heat sinks con-
sisting of the cooling plate and the surroundings of the
mold. The mold is heated in a separate heating-up oven
to a temperature above the liquidus temperature of the

melt in order that the casting mold may contribute to
the heat source in addition to the melt so doing.

9 Claims, 2 Drawing Sheets
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CASTING PROCESS FOR THE PRODUCTION OF
CASTINGS BY DIRECTIONAL OR
MONOCRYSTALLINE SOLIDIFICATION

This application is a continuation of U.S. application
Ser. No. 07/754,540, filed Sep. 4, 1991, now abandoned.
- This invention relates to a casting process for the

production of castings by directional or monocrystal-
line solidification. More particularly, this invention
relates to a casting mold for performing the process.

Various known nickel base alloys for which direc-
tional solidification is possible on casting are suitable for
the production of cast components which are highly
stressed mechanically at high temperatures, e.g., air-

craft engine turbine blades. When the melt of an alloy of

this kind sohdifies, dendritic crystals form. Unless spe-
cial steps are taken, seed crystals generally form at
different places during the cooling of the cast melt and
result in polycrystalline solidification. In order to avoid
this, a solidification front whose extent can be con-
trolled by a “unidirectional” heat flow can be devel-
oped by a special arrangement of heat sinks and heat
sources and by controlled initiation of the crystalliza-
tion. Columnar crystals form during this directional
solidification. If a special starting phase is used for the
solidification (e.g. by means of a ‘“‘selector™), it is also
possible to allow the casting to grow in the form of a
monocrystal.

Various processes are known for the production of
castings by directional or monocrystalline solidification.
A common feature of these processes is that a ceramic
mold is used, which 1s open top and bottom-at the top,
to enable a melt to be poured in; and at the bottom to
receive a cooling plate with which the melt comes into
direct contact. If relatively large components are to be
produced, it 1s necessary to use an expensive special
construction of a vacuum casting plant. In a special
casting plant of this kind, the unidirectional heat flow is
generated and maintained by means of an additional
heating system as a heat source together with the cool-
ing plate acting as a heat sink. The solidification front
can be guided through the component from the bottom
to the top by means of a lowering device for the cooling
plate and the mold. The relative movement between the
mold and the additional heating means can also be ob-
tained by moving the heating elements. Such methods
provide good control of the temperature gradient G in
the area of the solidification front, and the speed v at
which the dendritic crystals grow. The dendritic struc-
ture, more particularly the distance between adjacent
dendrites, depends on these values G and v.

In other processes, which can be performed in simple
vacuum casting plants intended for various applications,
the heat sources are no longer produced by heating
elements but by a superheated melt and by a special
configuration of the mold by incorporating additional
cavities therein. These cavities filled with superheated
melt have the function of heat reservoirs. Apart from
the advantage of being cheaper relative to the casting
plant, these “processes with heat reservoirs integrated
into the mold shell” have the disadvantage of requiring
more alloy. In addition, to enable the temperature gradi-
ent G and the solidification speed v to be controllable,
a restricted range of application has to be accepted. This
parameter control is possible successfully only in re-
spect of the required dendrite structure only if the com-
ponents are not too large, 1.e. not more than about 15
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centimeters (cm) in length. On the other hand, another
important advantage of the second type of process is
that the period during which the vacuum casting plant
1s occupied for a casting is about five times shorter.

Swiss Patent 641985 and U.K. published application 2
056 342 disclose a process of the second type mentioned
above, in which the heat reservoir integrated into the
mold shell is formed by the casting hopper. In this pro-
cess, the casting mold is covered by a covering of heat-
insulating material, the object of which is that a linear
heat flow should form vertically so that the solidifica-
tion front may move upwardly in parallel to the cooling
plate. In addition, the casting mold is preheated inde-
pendently of the melt to a temperature of about 1200° C.
An essential characterizing feature of Swiss Patent
641985 1s indicated as being the fact that it is not neces-
sary to preheat the casting mold to a temperature above
the liquidus temperature, which is between 1300° and
1400° C., to carry out directional solidification, since
the final heating after preheating to about 1200° C. can
be performed by the superheated melt. However, this
process has the disadvantage that additional melt must
be made available for mold heating.

The process using a heat source integrated into the
moid shell has been developed further. Instead of the
unidimensional alignment of the heat flow, which re-
sults in a linear solidification process, a heat flow which
allows a multi-dimensional solidification process is pro-
duced by special configuration and arrangement of the
cavities for the heat reservoirs.

Accordingly, it is an object of the invention to de-
velop the process having a heat source integrated into
the mold shell so that the amount of melt required for
the heat reservoirs can be reduced.

It 1s another object of the invention to provide a
simplified process for the production of castings by
directional solidification.

It 1s another object of the invention to provide a
stimplified apparatus for casting alloys.

Briefly, the invention provides a casting process in
which an insulated mold for a casting is heated to a
temperature at least 50° K higher than the liquidus tem-
perature of the mold to be cast prior to casting.

In accordance with the process, a superheated melt of
the casting material is separately formed, for example in
a vacuum casting plant, while the mold is heated in an
oven separate from the vacuum casting plant. Thereaf-
ter, the heated mold is placed on a cooling plate defin-
ing a heat sink, for example, within an air lock of the
vacuum casting plant. Subsequently, the superheated
melt 1s poured into the heated mold and a controlled
heat flow is produced from the melt and the mold to the
mold surroundings for guiding a solidification front
from a bottom to a top of the mold.

The mold is constructed so as to form a plurality of
individual component molds with each component
mold being in communication with a selector at the base
to effect a columnar crystallization.

These and other objects and advantages of the inven-
tion will become more apparent from the following
detailed description taken in conjunction with the ac-
companying drawings wherein:

FI1G. 1 illustrates a construction of a casting mold
with four identical components arranged in the form of
a cluster after the style of a bunch of grapes in accor-
dance with the invention;
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FIG. 2 illustrates a simplified longitudinal section
through a “selector” constructed in accordance with
the invention:

FIG. 3a illustrates a cross-sectional view of a mold in
which a solidification front is formed in accordance
with the invention;

FIG. 3b illustrates a view similar to FIG. 3a of a

solidification front curve which is to be avoided; and
FI1G. 4 diagrammatically illustrates a plant for per-

forming the process according to the invention.

F1G. 1 is a perspective view of one half of a casting
mold 10 comprising a mold shell 1l and an insulating
cover 12. In the other half, shell cavities are shown in
the form of the wax model used to make the sell 11. The
following cavities which are shown in three-dimen-
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sional form are visible: the component mold 1 for a .

single part, which is shown as a block in a highly simpli-
fied form; cavities 2a, 2b for heat reservoirs formed by
a superheated melt; a starter 3 with a disc-shaped base
zone 3a and a helical selector 3b; a cavity § which,
during casting, 1s occupied by a cooling plate; a volume
6 of the central stem which, after the wax has been
melted out, is closed with ceramic material; and finally
a casting hopper 7.

The shell 11 has a ring 15 at the periphery of the
cavity §, and has grooves (not shown) on the inside
formed by appropriate configuration of the wax model.
These grooves enable the mold 10 to be secured on a
cooling plate in the style of a bayonet catch. The insu-
lating cover 12 can be formed from ceramic fiber mats
with the space 13 between the shell 11 and the cover 12
preferably filled with heat-insulating material, e.g. a
ceramic wadding.

FIG. 2 1s a longitudinal section through the starter 3
just after a melt 200 has started to solidify, the section
being directed radially with respect to the centrally
symmetrical mold 10 and the center being situated on
the right-hand side. For the sake of clarity, the helical
selector 3b is diagrammatically illustrated in the form of
a snake-like structure. A laminated construction is indi-
cated for the shell 11 although in actual fact there are
about ten thin layers instead of the three thick ones
shown. The solidification front 205 is situated in the
entry zone of the component mold 1. The solidified
alloy is polycrystalline in the base zone 3a and passes
into a directionally crystalline phase which extends into
the zone of the opening of the selector 35. Columnar
crystallization as shown in FIG. 2'1s to be regarded as
an idealization of reality. Due to the constriction of the
cross-section in the selector 3b and the coiled shape
only one of the crystals forming in the base zone 3z can
grow through the selector 3b and thus act as a seed for
a monocrystal phase 210,

The arrows in FIG. 2 indicate the heat flow. The
latent heat liberated on solidification and the heat from
the superheated melt must be removed in the down-
ward direction to the cooling plate 50 at the solidifica-
tion front 2058 (arrows 301). Some of the heat is deliv-
ered to the surroundings of the mold 10 (arrows 304).
The heat flow 304 to the surroundings is directed unilat-
erally as shown, if the mold 10 has a cluster-like struc-
ture. The heat is discharged to the cooling plate 50, on
the one hand via the base zone 3a (arrows 302) and, on
the other hand, via the shell 11 (arrows 303).

Since the cast material undergoes contraction on
solidification and the subsequent cooling, a gap 56
forms between the surface of the cooling plate 50 and
- the casting and impairs the heat flow 302. In order that
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the quantity of heat dissipated via the starter 3 can be
kept large, despite the gap 56, even with the small tem-
perature gradient, the diameter selected for the base
zone 3a is much larger than the diameter of the selector
3b. The base zone 3a is given a small height so that the
gap width proportional to the height is also small.

Due to the unilateral heat dissipation 304 to the sur-
roundings, the solidification front 205 does not extend

parallel to the cooling plate but is inclined. The inclina-
tion of the solidification front 205 must be taken into
account when aligning the component mold 1 in the
cluster. Care must be taken to ensure—see FIG. 3b—-
that no isolated or island zones 201 form, at which the
solidification front 205 prevents melt from flowing in. If
an 1sland zone 201 of this kind solidifies, increased mi-
croporosity occurs due to contraction during the phase
conversion, and this means local weakening of the cast-
Ing. The incidence of island zones can be prevented by
using feeders, but in some cases, this effect can be
achieved much more easily by a different orientation of
the component mold 1 as shown in FIG. 3a.

The inclination of the solidification front 205 or, more
generally, its shape, which does not need to be flat, can
be accurately controlled by a special configuration and
arrangement of the cavities 2q, 2b or, rather, of the heat
reservoirs resulting therefrom, in order to counteract
the formation of island zones 201. However, the pro-
duction of the heat reservoirs means extra alloy require-
ments, and this can be relatively expensive. For the
purpose of melt economy, the mold 10 is heated in an
oven to a temperature which is much higher than the
liquidus temperature. As a resuit, the mold 10 acquires
the property of a heat source. The significance as an
additional heat source can be increased if, for example,
a ceramic member of high thermal capacity is inte-
grated into the shell 11 instead of the cavity 2b. The
heat stored in this ceramic member when supplied in the
oven obviously provides a corresponding saving in
terms of melt.

The essential features of the process will now be
explained in detail with reference to the diagram shown
in FIG. 4. The insulated mold 10 is made in accordance
with known method steps and need not be described
here. Immediately before casting, the mold 10 is heated
In a separate heating-up oven 40 to a temperature of
about 1500° C. At the same time, the alloy is melted in
a crucible 20 by means of an induction oven 30 within a
vacuum casting plant and heated to about 200°-350° K
—depending upon the alloy and the shape of the com-
ponent—above the liquidus temperature. The heated
mold 10 is then conveyed from the oven 40 into a lock
120 of the casting plant 100 by means of an automatic
carriage 60 running on a rail 62 and a gripper 65.

The cooling plate 50 (not shown) is situated in the
lock 120, the latter having doors 125 and 126. The grip-

- per 65 must be able to perform a rotary movement when

65

placing the mold 10 on the cooling plate 50 so that claw
projections (not shown) at the edge of the circular cool-
ing plate engage bayonet-fashion with the. grooves
formed in the ring 15 of the mold 10.

After evacuation of the lock 120, the cooling plate 50
together with the mold 10 fixed thereon is moved by
suitable means (not shown) in the direction of the arrow
into the casting chamber 130. Cooling of the plate 50 is
preferably by means of water, for which inlet and outlet
connections 51, 52 are provided. Means (not shown) can
be used to pour the superheated melt from the crucible
20 into the hopper 7 of the mold 10. The melt fills the
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mold shell and, in the starter, comes into contact with
the cooling plate 5§0. As a result of the shock-like cool-
ing, seed crystals spontaneously form at the interface,
followed by the above-mentioned polycrystalline phase
in the base zones. |

The separate heating of the mold 10 is advanta-
geously carried out in two stages. Preheating is carried
out 1n a first oven (not shown) to a temperature between
about 1000° and 1200° C., and further heating to about
1500° C. 1s carnied out in a second oven 40. The resi-
dence times in the two ovens are about an hour in each
case. A ceramic firing kiln can be used for the oven 40
and be adapted to the purposes of the process. Heating
can be carried out, for example, by means of gaseous
hydrocarbons 45, more particularly propane. Of course,
heating can also be provided by electric furnaces, par-
‘ticularly in the first stage.

To keep the heat losses tolerable during transport of
the mold 10 to the vacuum casting plant 100, handling
by the carriage 60 and entry to the lock 120 must be
carried out within a maximum of two minutes. There is
no need for the mold 10 to be at the same temperature
as the superheated meit. It is sufficient for the tempera-
ture difference between the melt and the mold to be of
the order of about 50° K at the start of casting, the
temperature of the shell 11 of course being higher than
the liquidus temperature.

Since heating of the mold 10 is carried out separately
and not 1n the vacuum casting plant as in processes with
additional heating means, the cycle times are much
shorter. They are 10 to 30 minutes as compared with 60
to 150 minutes in other processes.

The exemplified embodiment described relates to the
production of castings by monocrystalline solidifica-
tion. It 1s possible to produce directionally solidified
castings by the same process; the sole difference is that
the selectors 35 are absent from the mold.

The invention thus provides a casting process which
1s particularly suitable for small components having
dimensions in which the direction of the unidirectional
heat flow is smaller than about 15 centiments (cm).
~ The invention further provides a process which does
not require additional melt in order to provide for a heat
sink within the casting mold.

What is claimed is:

1. A casting process comprising the steps of:

forming a superheated melt of a casting material by

heating the casting material to a temperature of at
least 200° K higher than the liquidus temperature of
the melt;

heating an insulated mold for a casting to a tempera-

ture at least 50° K higher than the liquidus tempera-
ture of the melt, wherein the mold is open at the
top and bottom and includes an insulative cover
and a plurality of heat reservoirs and wherein the
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placing the heated mold on a cooling plate defining a
heat sink so that a bottom portion of the mold is
proximate to the cooling plate; and

thereafter, pouring the superheated melt into the
heated mold, so that, at all times during solidifica-
tion, the heat flow from the melt and the mold to
the cooling plate and the surroundings is substan-
tially completely controlled by the configuration of
the heat reservoirs and the configuration and insu-
lative properties of the insulative cover such that
the solidification front is guided from the bottom
portion of the mold to a top portion of the mold.

2. A process as set forth in claim 1, wherein the mold
1s heated in a heating-up oven and is subsequently
placed in a casting plant for pouring of the melt therein.

3. A process as set forth in claim 2 wherein the oven
is a gas oven employing a propane heating gas.

4. A process as set forth in claim 2 wherein the mold
is preheated to a temperature between 1000° C. and
1200° C. prior to being placed in the oven and subse-
quently heated to a temperature of about 1500° C.

3. A process as set forth in claim 4 wherein the mold
1s preheated in a ceramic firing kiln.

6. In combination:

a mold for receiving a melt, the mold being open at
the top and bottom and wherein the mold includes
an insulative cover and a plurality of heat reser-
voirs, the insulative cover including a plurality of
cavities which are adapted to house the heat reser-
VOIrS;

a first oven for heating the mold to a temperature at
least 50° K higher than the liquidus temperature of
the melt;

a vacuum casting plant spaced from the first oven and
having an induction oven for melting a metal alloy
to form a melt thereof and to heat the melt to a
temperature at least 200° K higher than the liquidus
temperature of the melt and a lock for receiving the
mold;

means for moving the heated mold into the lock;

a cooling plate for receiving the mold thereon in the
lock; and

a crucible in the plant for holding the melt in the
induction oven and for pouring the melt into the
mold after movement of the mold from the lock to
a location adjacent to the induction oven;

wherein, at all times during the solidification of the
melt, substantially all of the heat supplied to the
melt 1s supplied from sources within the mold.

1. The combination as set forth in claim 6 wherein
said means includes a gripping device for gripping said
mold to said first oven and a carriage for moving said
gripper device from said first oven to said lock.

8. The combination as set forth in claim 7 wherein
said gripper device is rotatable to effect rotation of said
mold on said cooling plate to effect a bayonet connec-
tion therebetween.

9. The combination as set forth in claim 7 wherein
said mold includes a shell and high thermal-capacity

insulative cover includes a plurality of cavities 60 members integrated into said shell.

which are adapted to house the heat reservoirs;
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CERTIFICATE OF CORRECTION

PATENTNO. :  5:275,227
DATED . January 4, 1984
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It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 3, line 12, change "I1" to --11l--;
Column 23, line 14, change "sell" to --shell--.
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